To evaluate the effects of L-alanyl-glutamine (L-Ala-Gln) pretreatment on oxidative stress, glycemic control and inflammatory response in children submitted to palatoplasty. METHODS: Thirty male children scheduled for routine palatoplasty, age range 2-10 years, were randomly assigned to 2 groups (n=15): Group A (saline, control) and Group B (L-Ala-Gln). Group A received normal saline 100 ml, delivered intravenously by infusion pump over 3 hours preceding surgical procedure. Group B was treated with L-Ala-Gln, 20% solution (0.5g/Kg), adding saline to complete 100ml. Peripheral venous blood samples were collected at 5 different time-points: T1-at the beginning of the study, 3 h prior to the surgical procedure; T2-at the end of the infusion (before the surgical procedure), T3-at the end of the surgical procedure, T4-6 h postoperative and T5-12 h postoperative. Parameters analyzed included glutathione (GSH), thiobarbituric acid reactive substances (TBARS), glucose, insulin, C-reactive protein (CRP) and interleukin-6 (IL-6).
Introduction
Cleft lip and palate are congenital anomalies due to errors in development or in the maturation of embryonic processes 1 . Surgical repair of theses anomalies is a traumatic event due extensive dissection and bone exposure required for closing the communication between the nasal and oral cavities.
Healing of a surgical wound requires local activation of immune cells and secretion of various anti-inflammatory mediators. The process is tightly regulated by anti-inflammatory mediators. Depending on the magnitude of tissue damage and on the vulnerability of the host, the local immune response may fail to control the damage and restore homeostasis. In patients with more severe injury, release of mediators into the circulation occurs with activation of the immune system and systemic release of both pro-inflammatory and, subsequently, anti-inflammatory cytokines 2 . Glutamine (GLN) is a conditionally essential nutrient during sepsis or trauma 3 . GLN is the most abundant amino acid in plasma and skeletal muscle. However, GLN levels fall dramatically after major injury or infection 4 . GLN supplementation in patients submitted to elective surgery attenuates the negative postoperative nitrogen balance, diminishing the dive in intracellular concentration of the amino acid in skeletal muscle and enhancing the synthesis of muscle protein 5, 6 . Parenteral nutrition supplemented with the dipeptide alanyl-glutamine in patients in an intensive care unit is associated with a reduction in infection complications and better metabolic tolerance 7 . The effect of parenteral GLN treatment has not been assessed in the setting of palatoplasty in children. This study tests the hypothesis that GLN attenuates surgical trauma-induced inflammatory response and oxidative stress in children submitted to surgical palate repair. Written informed consent was obtained from all patients' parents or legal guardians. Thirty patients (age range: 2-10 years at the time of surgery) undergoing elective surgical repair of cleft lip and palate were included in the study. Exclusion criteria were history of hepatic, renal, gastrointestinal, cardiac, hematological or psychiatric disease, oral and/or systemic infection, anemia and refusal of consent from parents or legal guardians. Allocation of patients to groups A and B was made by software program (www.lee.dante.br). Patients who met inclusion criteria were randomly assigned to receive either 100 ml of normal saline (Group A) or L-Ala-Gln 20% solution (Dipeptiven ® ), adding saline to complete 100ml, delivered intravenously by infusion pump (LF 2001 ® , Lifemed Ind. Equip. Artigos Med. Hosp. S/A), over 3 hours preceding the surgical procedure.
Methods

Patients
Peripheral venous blood samples were collected at 5 different time-points: T1, at the beginning of the study (3 h prior to the surgical procedure); T2, at the end of the infusion (before the surgical procedure); T3, at the end of the surgical procedure; T4, 6 h postoperative and T5, 12 h postoperative. Parameters analyzed included glutathione (GSH), thiobarbituric acid reactive substances (TBARS), glucose, insulin, C-reactive protein (CRP) and interleukin-6 (IL-6).
Surgical procedure
All patients were submitted to the same anesthetic procedure with balanced general anesthesia, orotracheal intubation and controlled ventilation with a semi-open circuit. All surgical procedures were performed at the Albert Sabin Children´s Hospital by a single surgeon (J.F.C.F.) using the same technique (VeauWardill-Kilner) 8 for all the lip and palate repairs.
Chemicals and drugs
L-Ala-Gln (Dipeptiven ® ) was purchased from Frenesius Kabi Áustria GmbH Graz/Áustria. All other chemicals were purchased from standard commercial sources and were of the highest quality available.
Biochemical analysis
GSH
9 , TBARS 10 and glucose 11 were measured according to biochemical methods published elsewhere. Serum level of insulin was measured by the electrochemiluminescence immunoassay; CRP was measured by an immunonephelometric method and IL6 by ELISA assay.
Statistical analysis
Graphpad Prism 5.0 (GraphPad Software, www.graphpad.com) was used for statistical analysis and graphics design. All data were tested for distribution (Kolmorogov-Smirnov test with Dallal-Wilkinson-Lilliefor P value). Results were expressed as mean±SD. Comparisons between the control and L-alanyl-glutamine groups were made using the t test for non paired variables (parametric data) or the Mann-Whitney U test (non parametric data). Repeated analysis of variance (ANOVA) combined with Tukey test was used compare timepoints. In all cases, the level of significance was set at 5%. P<0.05 was considered statistically significant.
Results
No statistically significant differences were found in glucose levels comparing control and L-Ala-Gln-treated patients. Glucose levels were significantly different in T3, T4 and T5 time-points compared with basal (T1) values in control children ( Figure 1 CPR were significantly different in control patients, comparing T-5 with basal values (T-1). CPR levels in L-Ala-Gln treated patients were not different ( Figure 5 ).
No statistically significant differences were found in insulin levels comparing control and L-ala-Gln-treated patients (Figure 2 ). T1  T2  T3  T4  T5 mg/l where 0.65 g/kg/day of glutamine was administered orally for 7 days. There was no adverse and/or cumulative effect attributed to glutamine. In our study children were given L-ala-Gln 0.5g/Kg using a continuous infusion pump. This dose is equivalent to 0.33 g/kg of GLN, per 3-h period or 0.11 g/kg/h of GLN. No adverse effects were observed. In this study, glucose levels increased in T3, T4 and T5 time-points compared with basal (T1) values. While the levels of glucose increased gradually in the control group, the absence of significant changes in glucose levels in children treated with L-Ala-Gln suggests a better glycemic control in these patients (Figure 1) .
CRP is an acute phase reactant protein pool produced by the liver as part of the inflammatory response to tissue injury such as infection or trauma 15 . Normal plasma level of CRP is less than 10 mg/L in healthy adults. The rapid increase in synthesis within hours of tissue injury suggests that it contributes to host defense, and that it is part of the innate immune response 16 . Serum levels of CRP can be used for early detection of surgical complications 17 . In this study the significant increase in CPR levels in control patients ( Figure 5 ), comparing T-5 with basal values (T-1) and the absence of significant differences in CPR levels in L-Ala-Gln treated patients points to a possible attenuation of the surgical trauma response in GLN-treated children.
Il-6 is an important cytokine in the early inflammatory response to trauma. This cytokine is produced and detectable within an hour after trauma and it seems to play a dual role in the inflammatory response by acting as both a pro-inflammatory and anti-inflammatory mediator 18, 19 . Parenteral GLN supplementation had a beneficial effect in reducing the systemic production of IL-6 after abdominal operations. Lower IL-6 levels probably improved nitrogen balance in these patients 20 . In our study, the increase in IL-6 levels in both groups ( Figure 6 ) during the postoperative period signals increased inflammatory response regardless of pre-operative use of L-Ala-Gln. Therefore pretreatment with L-Ala-Gln did not suppress the rise of the proinflammatory cytokine IL -6.
Conclusion
Based on the observations presented above, there is a rationale for the potential benefit of glutamine. Pretreatment with L-Ala-Gln attenuates the inflammatory response in early post-operative period and promotes a better glycemic control in children undergoing elective cleft lip and palate repair. IL-6 levels were significantly different in both groups comparing T4 and T-5 with basal values (Figure 6 ). 
Discussion
Children selected for this study showed a homogeneous profile in relation to sex (all males), age and weight.
Safety of GLN administration has been the aim of several publications 6, 12 . Supplementation with GLN, using doses of 3 to 3.5 g/kg/day, for 10 days, did not have significant adverse effects, when administered parenterally in newborns with low birth weight 13 . In a recent publication, Ward et al. 14 evaluated the severity of mucositis in children undergoing chemotherapy,
